Purpose: Growth factors (GFs) and neurotrophins can decelerate retinal degeneration. This study aimed to investigate the safety, efficacy and durability of subtenon injections of autologous platelet-rich plasma (aPRP) which is a rich source of GFs in retinitis pigmentosa (RP) patients. Methods: 154 eyes of 77 RP patients with various degrees of narrowed visual field were investigated in this study. Each patient received three injections with 4-week intervals and followed for at least 12 months. The examinations and the tests were obtained before the injection, 1 month after the third injection and every 3 months during the study. The primary aim was to evaluate the effects of aPRP on visual acuity (VA) and visual functions, the second aim was to estimate the duration of the therapy effect and the need for additional aPRP injection. Results: Median age of the 77 RP patients was 35.2 ± 13.9 years. All of the eyes received 3 monthly bilateral subtenon aPRP injections. Of these patients 26 received an additional one, 12 received additional two and 1 patient received additional 3 injections with 3-month interval. There were no significant ocular or systemic side effects. The mean baseline VA was 0.22 ± 0.18 Snellen lines. It improved to 0.31 ± 0.19 following three aPRP injections, which was statistically significant. At the end of the study period, the mean VA was 0.27 ± 0.22 Snellen lines. Conclusion: The subtenon injection of aPRP might be an effective therapy and might have a positive influence in the preservation of visual functions and visual acuity of RP patients.
Introduction
Retinitis pigmentosa (RP) is a hereditary retinal dystrophy of photoreceptors and an important cause of severe vision impairment. It might cause potential blindness by age 40 -50. The presence of nyctalopia, visual field construction from periphery to the fovea, bone spicule pigmentation in the retina and a reduction in electroretinograms (ERGs) are seen as the findings of the disease. Even if the mechanisms of retinal cell death can be different, photoreceptor apoptosis is the final outcome in the disease course [1] . Finding an efficient treatment would help the patients' quality of life affected by visual deterioration. There is presently no curative treatment for RP, but there are some studies about rescue strategies [2] .
Retina pigment epithelium (RPE) protects the remaining part of the retina against toxic and oxidative damage and secrete growth factors (GFs). The deficiency of GFs in photoreceptors may be one of the predisposing factors for the degeneration of these cells [3] .
In the eye, basic fibroblast GF (bFGF), neural GF (NGF), ciliary neurotrophic factor (CNTF), brain-derived neurotrophic factor (BDNF) and glial cell line-derived neurotrophic factor (GDNF) are known for their neurotrophic effects. Application of these factors may block the apoptotic cascade of retinal cells and may be a promising treatment option in the future. Studies in the treatment of retinal degenerations have largely focused to prevent or decrease the progression of these diseases [3] .
Recently, blood-derived products have been mostly used in ophthalmology as a GF source. These products can increase the healing process and accelerate the regeneration of various tissues by supplying GFs and other active biomolecules from the blood. Topical autologous serum was widely-used and found to be effective in the treatment of various ocular surface diseases [4] [5] [6] [7] [8] . Platelet rich plasma (PRP) contains higher concentrations of essential GFs and cell adhesion molecules than autologous serum. Experimental studies showed that GFs and neurotrophins can significantly decelerate retinal degeneration and cell death [3] [9] .
There are a few clinical studies in the literature demonstrating the efficacy of subtenon injection of autologous PRP (aPRP) in retinal degenerative and ischemic diseases [10] [11] . This study aimed to evaluate a long term effect of subtenon aPRP on visual acuity and visual field in patients with RP.
Methods
This clinical study included 154 eyes of 77 RP patients attending to the ophthalmology clinic of our hospital between January 2018 and January 2019. The study followed the tenets of the Declaration of Helsinki. The patients were informed about the details, aims and the course of the study. Written informed consent was obtained from each subject before any of the study procedures or examinations were performed. The diagnosis of RP was established depending on the clinical history, ophthalmological findings, visual field (VF) test, optical cohorence tomography (OCT) and electroretinography (ERG) test results of the patients.
The inclusion criteria were as follows: 1) a clinical diagnosis of RP confirmed by clinical history, fundus appearance, VF, OCT and ERG; 2) subjects older than 18 years of age; 3) subjects who are able to do a reliable VF evaluation; 4) subjects who have at least 1 year-follow-up results.
Patients with previous ocular surgery other than cataract extraction, ocular media opacities that would make the image quality insufficient for ocular imaging or effect the test results, coexisting ocular disease (e.g., retinal pathology other than RP, glaucoma, uveitis, strabismus, nystagmus), any other systemic disease (e.g., diabetes, neurological diseases, hypertension) that would have an impact on the results were excluded from the study. which is 4 -5 times higher than baseline [13] [14] . In our study, peripheral blood of 15 ml from RP patients was collected using blood collection tubes (BD Vacutainer ii advance) and centrifugation was done with 2500 rpm for 15 minutes at room temperature within a blood collection period of 10 minutes. After this centrifugation process the plasma was separated from the other part of blood components. Three layers including red blood cells at the bottom, aPRP in the middle layer and platelet poor plasma (PPP) in the top layer formed in the tubes.
Middle layer (which mainly contained platelets) was drawn by syringe. Subtenon injections were performed immediately after the preparation of aPRP. After topical anesthesia aPRP solution was injected from inferotemporal quadrant into the subtenon space of each eye. Each patient received three injections with 4-week intervals between each injection. The patients were examined every 3 or 4 months for at least 10 months after the third injection; thus, the total duration of the study for each patient was 1 year. The examinations and the tests of the patients including OCT and VF were obtained before the injection, 1 month after the third injection and at every visit until the end of the first year. ERG test was done before the injections and at the end of the first year. Additional aPRP injections were done if a detoriation in the VF and visual functions was detected.
In this clinical study, the primary aim was to evaluate the effects of aPRP on BCVA, VF, and ERG; the second aim was to evalute the duration of the therapy effect and the need for additional aPRP injection.
Analyses were carried out with SPSS for Windows (v22; IBM Corp.; Armonk, NY, USA). A p value of 0.05 or less was considered as statistically significant; repeated ANOVA was used to analyze the BCVA, OCT, VF and ERG parameters. The results were defined as mean values with their standard deviation (SD).
Results
This study included 154 eyes of 77 RP patients with a median age of 35.2 ± 13.9 years. The demographic characteristics of the patients were given in Table 1 . All of the eyes received 3 monthly bilateral subtenon aPRP injections. Of these patients, 26 (33.7%) received additional 1 injection (16 patients received additional injection after 3 months, 10 of them received injection after 6 months), 12 (15.5%) patients received additional 2 injections with 3 months interval and 1 (1.3%) patient received 3 additional injections with 3 months interval. During the first year 39 (50.5%) of the patients needed additional injections. There were no serious ocular or systemic side effects related to aPRP preparations and subtenon injections. The mean BCVA of the 154 studied eyes before treatment was 0.22 ± 0.18 Snellen lines. It improved to 0.31 ± 0.19 following three monthly aPRP applications which were statistically significant (p < 0.05). At the end of the follow-up period the mean BCVA decreased to 0.27 ± 0.22, the result was not statistically significant when compared to baseline. Visual acuity measurements of eyes during the study are shown in Table 2 . Visual field values were obtained in all eyes. Statistically significant VF improvement was detected after 3 monthly injections when compared to pre-injection values and the improvement continued in most of the patients during the study period (p < 0.05) (Table 2, Figure 1 and Figure 2 ).
When compared with pretreatment values we found no statistically significant difference in the b wave amplitudes and latencies of rod response, maximal combined response and cone response after aPRP injections and at the final examination (p > 0.05) ( Table 3 ). There were also no changes in the macular thickness or anatomy by OCT at any time point (Table 2 ). 
Discussion
Despite the great developments in the genetic and molecular biological understanding of retinal degenerations in recent years, the exact pathways of retinal cell death have not yet been fully understood. Estimated causes of photoreceptor death are thought to be toxic and oxidative damage, deficiency of growth factors and metabolic impairment. Retinal cells can enter into a sleep mode which is called dormant state under unfavorable situations. This phase is necessary to rescue the cell from death. However, the way in which cells enter into and recover from this sleep mode is not fully understood yet. Recent gene therapy studies showed that these dormant cells may respond to external rescue cues such as gene therapy or other pharmacological treatments [15] . It is known that apoptosis is one of the major reasons of photoreceptor cell death. The deprivation of GFs leads to the induction of apoptosis mechanism. At the beginning, retinal cells decelerate their metabolic activities. If the GF insufficiency persists, the apopitosis process of the photoreceptors takes place. This raises the possibility that GFs may play an inhibitory role in the apoptosis process and GF levels may be essential in maintaining viability of cells undergoing apoptosis [16] .
Neurotrophic factors are the GFs which have an important role in the development and normal activity of neurons. Thus, applications of these neurotrophic factors are thought to be an alternative for the protection of retinal photoreceptors from degeneration [16] .
Various factors such as CNTF, BDNF, GDNF and pigment epithelium-derived factor (PEDF) have been investigated in experimental studies and demonstrated to rescue the retinal structure [17] . Because photoreceptors are thought to be a part of central nerve system, neurotrophic factors might be beneficial for retinas of RP patients to preserve retinal cells [18] .
NGF is one of the most important neuroprotective factor which plays an important role in the pathogenesis of retinal cell damage [19] . The amount of NGF and NGF-receptors are found to be decreased in retinas of animals with RP, and external NGF application preserved photoreceptors from degeneration [20] [21] . It is confirmed by the studies that application of NGF accelerated the expression of multiple GFs including BDNF, FGF, transforming growth factor beta (TGF-β), VEGF and neuropeptide-Y (NPY). NGF may also stimulate the expression of VEGF and enhance outer retinal oxygenation by vasodilatation [21] . Pharmacodynamic studies have shown that topically administered NGF on the cornea can reach the retina of the eye. In a clinical study, the usage of NGF eye drops to the subjects with advanced glaucoma induced improvement of visual acuity [22] [23] . The neuroprotective effect of NGF was also confirmed by other studies. Intravitreal injection of recombinant human NGF (rhNGF) inhibited apoptosis and increased retinal cell survival in an experimental RP model [24] . A recent report of a clinical trial showed that NGF eye drops had no systemic or ocular adverse effect in RP patients. Some of these patients demonstrated an increase in visual acuity, a temporary enlargement of the VF and an improvement in macular focal ERG findings. This study suggested that the application of NGF eye-drop is safe and efficient in at least some of the RP patients [25] .
Another approach of neuroprotection has been tested with CNTF, which is widely used in experimental studies and decelerate retinal degeneration. In experimental RP models, intravitreal administration of this factor protected photoreceptors from degeneration. After successful results of animal studies, safety studies in humans are established [26] [27] [28] [29] . In a phase 1 clinical trial of RP, intraocular implant of CNFT has been demonstrated to be safe and some of the patients experienced increases in visual acuity [29] . Another study of CNTF implant had found that fellow eyes of the patients had greater retinal cell loss than CNTF-implanted eyes in 2 years period. And this protection of retinal cells in CNTF-implanted eyes caused a thickening of outer retinal layers on OCT [30] . The initial 12-month analysis of a phase 2 study in RP patients has demonstrated a dose-dependent thickening of the retina on OCT imaging [31] . However long term follow-up showed no benefit of CNTF implant regarding the visual acuity and visual field [32] .
GDNF is of a particular interest due to its known broad spectrum of targets, including dopaminergic neurons, motor neurons of spinal cord, as well as retinal ganglion cells and photoreceptors of the eye. It has been shown to enhance the development and survival of a wide variety of neurons, including ganglion cells and photoreceptors [33] [34] . It is also reported in an experimental study that GDNF accelerates the threshold for apoptosis in photoreceptors [35] .
Since 1998, platelet-derived products have been widely used in regenerative medicine [9] [36] . These products included many bioactive molecules such as epidermal growth factor (EGF), PDGF, VEGF, insulin-like growth factor (IGF-1), TGF-β and bFGF which took part in tissue repair and wound healing process [22] [36] [37] .
The studies in ophthalmology about platelet derived products are mostly about ocular surface diseases like dry eye syndrome or corneal ulcers [4] [5] [6] [7] [8] . There are only two clinical studies about retinal diseases which used aPRP as a source of autologous GFs. In a recent study by Arslan et al. the aim of aPRP injections was thought to promote the survival of retinal cells, to increase neuroprotection, to inhibit photoreceptor apoptosis by using GFs and to reactivate dormant photoreceptor cells. The study included 71 eyes of 48 RP patients who received three subtenon aPRP injections with 3-week intervals and they were followed for three more weeks after the third injection. This study suggested that the patients experienced improvements in VF, mfERG, and microperimetry results after aPRP injections however, there were no significant changes in visual acuity. They concluded that aPRP administration can increase the amount of neurotrophic GFs in the microenvironment around the retina and the diffusion of these factors through the choroid can reactivate the photoreceptors that are in dormant phase. They have reported no systemic or ocular side effects regarding the procedure. They also suggested that further researchs are needed to determine the duration of viability and the optimal frequency of aPRP reinjections [10] . Similar to the previous studies, we found improvements in VA and VF evaluations of our patients. However the improvement in VA after three aPRP injections detoriated in nearly half of the patients after 3 months and the patients needed additional injections. The effect of the treatment seems to be preserved for at least 3 months.
Our study has several limitations. First, the patient group was not homogeneous in respect to VA and VF tests. This may explain the different durability of the therapy. Second, a study of genetics and its correlation with various functional tests is not included in this study. Genetic analysis may guide us to understand the response to the aPRP treatment in different genetic mutations.
Conclusion
RP is the most common hereditary retinal disease with no proven effective therapies. This study shows encouraging results after subtenon injection of aPRP with no systemic and ocular side effects. The subtenon injection of aPRP has a beneficial effect on VA and VF. This positive effect may be transient in some patients and additional injections may be necessary during the follow-up. Future randomized controlled trials including genetical analysis are needed to understand the effect of the treatment in different genetic mutations.
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